Thylakoid M em brane Polypeptides, Antisera, Photosynthesis
In several publications we have characterized a series of polypeptides of the thylakoid membrane by means of their antisera [1 - 1 3 ] . In the present publication we report on a polypeptide with the apparent molecular weight 44 000, two polypeptides with the apparent molecular weight 26 00 0 and a polypeptide with the apparent molecular weight 2 0 00 0. The polypeptides were isolated as usual from stroma-freed chloroplasts of Antirrhinum m ajus. Thus, the first screening of the polypeptides involved in electron transport reactions of the thyl akoid membrane is concluded.
M aterials and M ethods
Strom a-freed chloroplasts of Antirrhinum m ajus and stromafree swellable tobacco chloroplasts used for the functional tests were prepared as described earlier [1 4 , 1 5 ].
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Results and D iscussion
On a polypeptide with the apparent molecular weight 4 4 000.
Recently, we have reported on the effect of anti sera which were directed to four polypeptides with apparent molecular weights between 40 000 and 50 000 on photosynthetic electron transport [ 1 2 ]. In the meantime two additional polypeptides were isolated from a sucrose palmitate-stearate extract whose molecular weights also fall into this region. One of the antisera 'had the same effect as that against 45 000 PSI-4 which apparently inhibits electron transport on the acceptor side of photo system I [1 2 ].
The second polypeptide exhibited an apparent molecular weight 44 000. The antiserum to this polypeptide inhibits the chloroplast-mediated photoreduction of anthraquinone The values are averages of at least 5 individual determ ina tions. The mean error of the average value is indicated.
hand, photophosphorylation with ferricyanide as the electron acceptor and water as the donor is not af fected by the antiserum (Table I) adapted to the dark. The dosis-effect curve shows a lag phase, that is small amounts of serum have no effect, whereas after exceeding a threshold value the inhibition reaches its maximal extent fast ( (Table I ) . There fore, we should like to assume that the serum exerts its effect on the acceptor side of photosystem I. Fig. 2 curve (Fig. 3 ) . PMS-mediated cyclic photophos phorylation is completely inhibited by the antiserum. Photosystem II reactions are not inhibited (Table I) . Antiserum 26 0 0 0 PSI-58 has no effect on the dis tribution of excitation energy between the photo systems if the chloroplasts are dark adapted. After preillumination, however, the antiserum enhances the energy spill-over. The same is valid for the Qdependent fluorescence yield. Hence, we feel that the antigen 26 000 PSI-58 belongs to the reaction high degree of inhibition this assay had to contain center of photosystem I. ADP, Pi and Mg++ and had to be preilluminated The second serum to a polypeptide fraction with (Fig. 4 a, b, c ) . The photooxidation of diphenyl the molecular weight 26 000 is not entirely uniform carbazide is also inhibited (Fig. 5 ) . As is expected, with respect to its effectiveness. It inhibits to a the same is true for the photooxidation of tetrasmall extent photosystem I reactions and obviously methyl benzidine. The dosis-effect curve for the recontains a small amount of antibodies to the antigen action tetramethyl benzidine to anthraquinone-2 -26 0 0 0 PSI-58. Its main effect, however, lies on sulfonate shows rather a hyperbolic than a sigmoithe photosystem II side. The photoreduction of dal shape (Fig. 6 ). The effect of the antiserum silicomolybdate with water as the electron donor is resembles in many respects that of the serum inhibited by 60% (Fig. 4 d ) . In order to obtain a 6 6 000 PSII-42, described earlier [1 1 ]. The serum lowers the fluorescence yield of dark adapted chlo roplasts in weak and strong exciting light (Fig. 7 b,  d ) . In weak light DCMU does not abolish but rather enlarges this difference although it increases the flu orescence yield in the assay with antiserum as well as in the one with control serum (Fig. 7 c ) . Ex citation with strong light shows that in the presence of DCMU also the level of the initial fluorescence (F 0) is lowered (Fig. 7 e) which is not the case in the absence of DCMU (Fig. 7 a ) . Also in strong exciting light the difference in the assay with control and antiserum does not disappear entirely in the presence of DCMU (Fig. 7 f ) . From this it appears that Q-dependent variable fluorescence is less af fected by the antiserum than would be expected from the inhibition of electron transport. The situa tion becomes less clear after a preillumination pe riod as in this case the lowering of the fluorescence level is superimposed on a small rise of the flu orescence yield, which is due to the contamination by 26 0 0 0 PSI-58 (Fig. 8 a -f ) . If one disregards the effect of the contamination with 26 0 0 0 PSI-58
c) f) Fig. 8 . Effect of the antiserum 26 000 PSII-76 on the fluorescence rise in preillum inated chloroplasts. Also after preillum i nation the antiserum does not affect F 0 (a ), lowers the variable fluorescence (b) and DGMU increases the difference be tween the sample w ith antiserum and control serum (c ). This is valid for th e fluorescence excitation with low light inten sity. In strong light the antiserum does not exhibit an effect on fluorescence ( d ) . Nevertheless, in the presence of DCMU F0 is lowered by the antiserum (e ). This effect is also seen with low registration speed ( f ) . The shorter scan or the one denoted with c represents the fluorescence rise in the presence of control serum . The scale on the ordinate corresponds to 200 mV in a), b ), and c), and to 5V in d ), e) and f).
the antiserum effect on fluorescence is sim ilar to that of 6 6 000 PSII-42 [ 1 1 ]. The antiserum enhances the energy spill-over from photosystem II to photo system I with dark adapted and preilluminated chloroplasts. It should be noted that preillumination increases as with other antisera the effect. There fore, the antigen 26 0 0 0 P SII-76 could well belong to the reaction center of photosystem II.
Survey of the functional localization of the polypeptides described up-to-now
We have reasons to believe that we have by now investigated the major part of the polypeptides which play a role in electron transport in the thyl akoid membrane. In the follow ing we give a short survey of our results. An antiserum to a polypeptide with the apparent molecular weight 1 1 000 (11 0 0 0 P SII-15) inhibits electron transport on the donor side of photosys tem II [8 , 9 ] . This serum inhibits the reaction rate of the photooxidation of tetramethyl benzidine but not the rate of the diphenyl carbazide photo oxidation. The antiserum diminishes the initial sig nal amplitude of the 6 9 0 nm and the 3 2 0 nm ab sorption change in repetitive flash spectroscopy [ 9 ] . It should be noted that the real molecular weight of this polypeptide is 6 3 0 0 [2 6 ].
Two antisera directed to polypeptides with the apparent molecular weights 6 
12].
The polypeptides with the apparent molecular weights 6 As far as we know, none of these polypeptides is identical to one of the known electron carriers. This is shown by comparison with antisera to plasto cyanin [ 5 ] , cytochrome f [1 0 ], ferredoxin N A D P+-reductase [1, 4] and to ferredoxin [ 3 ] . In the course of these investigations we also obtained an tisera which were directed to the subunits of the coupling factor of photophosphorylation [1 3 ] .
Concerning the localization in the electron trans port chain we rely on the literature [27, 2 8 ]. The view on these reactions is sometimes controversal which leads to some uncertainties in our localization experiments.
With the exception of polypeptide 6 6 000 PSI- 8 6 6 0 0 0 P SI-88 is bound to P 700 [2 9 ]. The antiserum to this polypeptide inhibits electron transport only after the disrupture of the thylakoids by ultrasonication. Therefore, the antigen 6 6 0 0 0 P SI-88 is located inside the thylakoid membrane or spans the membrane [ 1 1 ].
